Ratings of appetite are commonly used to assess appetite modification following an intervention. Subjectively rated appetite is a widely employed proxy measure for energy intake (EI), measurement of which requires greater time and resources. However, the validity of appetite as a reliable predictor of EI has not yet been reviewed systematically. This literature search identified studies that quantified both appetite ratings and EI. Outcomes were predefined as: (1) agreement between self-reported appetite scores and EI; (2) no agreement between self-reported appetitescores and EI. The presence of direct statistical comparison between the endpoints, intervention type and study population were also recorded. 462 papers were included in this review. Appetite scores failed to correspond with EI in 51.3% of the total studies. Only 6% of all studies evaluated here reported a direct statistical comparison between appetite scores and EI. x 2 analysis demonstrated that any relationship between EI and appetite was independent of study type stratification by age, gender or sample size. The very substantive corpus reviewed allows us to conclude that self-reported appetite ratings of appetite do not reliably predict EI. Caution should be exercised when drawing conclusions based from self-reported appetite scores in relation to prospective EI. 
Introduction
Appetite modification is a common strategy for modifying energy intake (EI) (Avena et al., 2013) , for example, in assessment of interventions for management of obesity (Flint et al., 2000) . Generic study design aimed at appetite modification involves subjects (or patients) rating appetite subjectively before and after an intervention (e.g., drug, supplement, and preload), followed by some form of test meal and evaluation of food intake or eating behavior. Controls may be different interventions in crossover or parallel format, or occasionally different subject groups. Appetite ratings are usually determined subjectively by the participant most often using visual analogue scales (VAS) and EI may be measured, overtly or covertly, using a suite of objective measures available.
VAS have been commonly used for over 30 years in numerous fields of research, sample populations, and age groups, spanning various clinical settings to community environments. VAS to assess appetite uses phrases representing polar extremes of a subjective feeling of appetite; these often include hunger, fullness, satisfaction, motivation to eat, and prospective food consumption (Blundell et al., 2010) . Although it is suggested that VAS are a reliable and reproducible tool for assessing appetite (Flint et al., 2000) , the relationship to EI has not previously been reviewed systematically. As product development, analysis of nutrients and the direction of strategies to modify appetite are a cornerstone of functional nutrition (in particular in obesity management) there is an unmet need to understand the true predictive value of appetite scores in relation to EI.
We aimed to address this question systematically by identifying and reviewing the corpus of studies that have measured both subjective ratings of appetite and EI in order to evaluate the predictive rigor of subjective appetite scores for EI.
Methods

Literature search strategy
This was a systematic literature review (SLR) using predefined and agreed search terms, inclusion criteria, and review strategy, as defined by the Cochrane Handbook for Systematic Reviews for Interventions (Higgins, 2011) . The search terms (Table 1) and databases were selected through discussion between the research team and an independent research librarian in order to obtain a comprehensive generation of sources.
Following an initial combined search of Scopus, Ovid Medline, and Web of Science literature databases, the titles and abstracts were screened to generate a refined list of sources and these were deduplicated using Endnote Online TM . Meta analyses, review papers, position statements, and animal studies were not included and studies that did not measure both appetite and EI, or showed nonrelevance to the topic, were excluded.
Scoring criteria and statistics
Initially, we aimed to evaluate the proportion of papers reporting a significant correlation between VAS appetite ratings and EI. However, only a small proportion (6.3%) of the corpus reported such analyses directly, so we devised a scoring matrix.
"Link" studies included:
A. Studies reporting significant and codirectional effects on both appetite scores and EI (for example, increased hunger scores and increased EI, or decreased hunger scores and decreased EI). B. Studies reporting no significant effect on either endpoint (for example, no alterations in hunger scores or EI). This is because neither variable changed in response to a particular event or intervention.
"No link" studies included:
A. Studies reporting that appetite scores OR EI were significantly perturbed (for example, increased/decreased hunger scores but no changes in EI, or no changes in hunger scores but increased/decreased EI). B. Studies reporting significant differences in appetite scores and EI, but in opposite directions (for example, significant increase in hunger scores and significant decrease in EI).
Further information extracted from each paper included the journal title, year of publication, author, health status of sample group, intervention or perturbation under study, type of VAS used, measure of EI, sample size, sex, and age of sample group. In addition, we ascertained if a link between appetite scores and EI was determined "directly" by the original authors through statistical analysis (for example, using regression or correlation) or "indirectly" inferred by the reader using reported significance and direction as described previously. Two researchers independently scored each paper in the corpus; where disagreement occurred a third scorer independently evaluated the paper.
Statistics
Inter-rater variability was quantified using Cohen's kappa analysis (Hayes and Hatch, 1999 ). Pearson's chi-square analysis was used to test the frequency of study characteristic distribution between the two outcomes (i.e., "link," "no link"). Cohen's kappa is a test of interobserver agreement for categorical data, it is considered more robust than simple percentage agreement calculation since this test accounts for the agreement occurring by chance. The value derived is proportional agreement. Landis and Koch (1977) suggested 0.61-0.80 is substantial agreement and any higher number represents almost perfect agreement.
Results
Overview of the literature search, screening, and studies included
The initial combined search of Scopus, Ovid Medline, and Web of Science during the period 1999-2015 returned 3,842 results. Following primary exclusion based on the abstract (generally due to lack of subjective appetite measurement) and deduplication, the revised list comprised 714 studies. Upon reading these papers in full, a further 252 were excluded due to the absence of EI measurement and/or nonrelevance to the topic. Four hundred sixty two studies were, therefore, included this review Figure 2 ). As the majority of papers (93.7%) did not report a direct statistical comparison between VAS ratings and EI, the relationship between these two measures was opaque in reports and required us to develop an independent scoring system (vide supra).
Overall relationship between appetite scores and EI
Out of the 462 studies included in this review, 225 (49%) demonstrated a "link" between self-reported appetite scores and measurement of EI. In 237 (51%) of the studies, there was "no link" between appetite scores and EI (definite disagreement between the outcomes).
Direct and indirect comparisons
The majority of papers (93.7%) did not directly (statistically) compare self-reported appetite ratings and EI, meaning that the relationship between the two measures was deduced by the researcher by identifying whether statistically significant changes occurred and were codirectional between the two outcome measures. Studies that were categorized as demonstrating a "link" between self-reported appetite scores and EI were approximately 30% more likely to have reported a direct statistical comparison of the two measurements (p D .001). 
Assessment of factors potentially influencing outcome
Effect of age and sex Twenty-one studies used a sample population of children and/or adolescents (4-17 years), whilst an elderly sample population (65 years) was used in nine studies. The 432 remaining studies used participants with large and variable age ranges (18-64 years) making it unfeasible to conduct a separate analysis of young adult and middle-aged subjects. Due to the small number of studies in the 65 years category, chi-squared analysis was not appropriate because the assumptions of this test would be violated. Assessment of the data reported in Table 2 shows that, across all age groups, the frequency of studies are equivocal in the "link" and "no link" categories. The chi-squared test showed no significant difference between the expected frequencies and the observed frequencies between participant sexes (Table 2 ). These data demonstrate no advantage of sex in predicting EI from self-reported appetite scores.
Effect of sample size
The chi-squared test showed no significant difference between the expected frequencies and the observed frequencies in any sample size category (Table 2 ). These data demonstrate no advantage in predicting EI from self-reported appetite scores by stratifying by sample size.
Effect of health status
Studies were divided according to the reported health status of the sample population. Three hundred forty two studies used "healthy individuals," 115 studies used individuals with clinically defined illness/disease ("nonhealthy"), and five studies did not report the health status of their chosen study population.
The chi-squared test showed no significant difference between the expected frequencies and the observed frequencies in either category. These data demonstrate no advantage in predicting EI from self-reported appetite scores by stratifying for health status. The nonhealthy group included 99 studies which had recruited overweight and/or obese participants (47 D link; 53 D no link). Ten studies had recruited examined diabetic participants (9 D link; 1 D no link) and six studies had recruited participants with eating disorders (2 D link; 4 D no link). Of the five studies that did not report the health status of their participants, three demonstrated a link and two demonstrated no link. There were insufficient data available in these subgroups to conduct further chi-squared tests.
Effects of the type of self-reported appetite measurement tool and VAS length
The most commonly used VAS length was 100 mm, which was used in 337 (73%) of the studies examined in this review: 8 (2%) studies used VAS < 100 mm; 43 (9%) studies used VAS > 100 mm; and 43 (9%) papers did not state the length of VAS. 31 (7%) researchers reported using an alternative form of measurement for obtaining appetite scores (predominantly Likert scales).The most repeatedly used VAS was the one devised by Hill and Blundell (Blundell et al., 2010) . Nine studies reported the use of an electronic form of VAS. The chi-squared test showed no significant difference between the expected frequencies and the observed frequencies in any category. These data demonstrate no advantage for any particular length of VAS scale for predicting EI from self-reported appetite scores.
Effect of intervention type
The different types of interventions observed in the corpus of papers were categorized as follows: nutrient, meal type, or supplement group (NMS, e.g., carbohydrate vs fat, glycaemic load) D 279, (60%) of studies; meal time, food frequency and eating behavior (MFB, e.g., TV viewing during meal times, portion size information) D 58 (12%); pharmacological (e.g., glucagon-like peptide, GLP, analogues, appetite hormone administration) D 40 (9%); food form (e.g., solid vs liquid) D Table 2 . Frequencies and expected frequencies of studies by population, intervention, and measurement tools used. Chi squared and p values shown. For expected cell frequencies less than 5, the chi-square approximation may not be reliable. A standard and conservative rule is that no more than 20% of the expected frequencies (shown in brackets) are less than 5 and all individual expected counts are 1 or greater. For age (years) category data reported in the majority of studies were not sufficiently detailed to better categorize studies based on age of population assessed; therefore, the data violate assumptions of the test and so x 2 and p value are not reported here. 36 (8%); other D 23 (5%); exercise (e.g., intensity or duration) D 18 (4%); and age/sex 8 (2%) (Figure 3) . The chisquared test did show significant difference between the expected frequencies and the observed frequencies when stratified by intervention type (p < .001). The intervention type with the highest proportion of studies reporting a link between subjective appetite scores and EI was the "pharmacological" group: of the 40 studies identified in this category, 26 (65%) demonstrated a link and 14 (35%) showed no link. It is further of note that nine of the studies in this category explored the effect of GLP of which five showed a link between self-reported appetite scores and EI. The group of papers that were categorized as examining "food form" contained the highest number of studies that failed to observe a link between self-rated appetite scores and EI. Thirty out of the 36 studies (83.3%) reported no link.
Discussion
This was a systematic literature review addressing an unmet need to evaluate critically the validity of the putative link between subjectively rated appetite (implied by many of the reviewed papers as a proxy measure of prospective energy intake) and measures of energy intake. Studies were selected on the basis of reporting and quantifying both appetite and EI. A striking finding of this review was that the vast majority of studies (93.7%) did not undertake any statistical analysis to compare self-reported appetite scores and EI. This rendered formal approaches to meta-analysis impossible due to the degree of data disconnection, and required us to develop an assessment criterion to determine if the direction of significant change in response to an intervention was in agreement (link) or not (no link) between the two endpoints. Papers that had reported a direct statistical comparison between the two measures were more likely fall into the "link" category. This may suggest selective reporting in the "no link" studies: they either did not undertake statistical analyses or chose not to report their findings. Over half of the studies included in our analysis did not demonstrate a link between appetite scores and EI. Of the 225 that demonstrated a link between appetite scores and EI, 54 (24%) scored a double negative (i.e., neither subjective appetite score nor EI changed from baseline; Supplementary Online Information). These studies were conservatively categorized as a "link," although it may be argued that a double-negative does not imply that both measures relied upon the same mechanism or processes. If double-negative studies are considered as an independent category, the number of papers evidencing a definitive link between appetite scores and subsequent EI declines to 37%, further strengthening our conclusion.
The heterogeneous nature of the studies included in this review provided scope for analysis according to factors such as age, sex, sample size, health status, self-reporting measurement tool (VAS length), and intervention type (Table 1) . No study factor improved the utility of self-reported appetite scores on EI, other than "intervention type": of the 40 studies identified in the "pharmacological" group, 26 (65%) demonstrated a link, while 14 (35%) showed no link. A subset of nine studies belonging to the pharmacological group used appetite hormone administration as an intervention strategy, the most common of which was GLP. In response to subcutaneous (Flint et al., 2013; Horowitz et al., 2012) or intravenous administration (Gutzwiller et al., 1999a; Gutzwiller et al., 1999b; Naslund et al., 1999) of GLP, 55% of these studies found VAS appetite scores could predict EI reliably. It is well documented that GLP is an effective appetite modifier (Dailey and Moran, 2013) and its potent physiological mechanism of action is perhaps the reason why a more consistent relationship between appetite scores and EI was observed.
In regard to ad libitum measures, recording the number of calories consumed at a test meal is commonplace, and is considered to be an objective reflection of appetitive response (Blundell et al., 2010) . The general protocol involves a test meal in which participants are instructed to consume as much as they like and/or until they reach satiation. The reproducibility of ad libitum test meals as an acute measure of EI is robust in normal weight, obese, and overweight sample groups of both children and adults (Arvaniti et al., 2000; Bellissimo et al., 2008; Lara et al., 2010) . Booth (2009) however, questioned the nature of the subjective and objective divisions of appetite measurement, arguing that subjective ratings actually reflect an objective approach and that the rarified environmental control applied in so-called objective ad libitum test settings may inherently perturb intake. Our analysis supports the distinction made by Booth between emotive and behavioral aspects of appetite and feeding behavior and demonstrates unequivocally that one is not a proxy for the other. A sequella of this separation is that the research community needs to reflect on the meaning and implication of "appetite" as an emotive and self-reported measure, and re-evaluate its purpose. Rated appetite may function similarly to eating-behavior questionnaires (Lowe and Butryn, 2007) as a proxy of individuals' attitude to food coupled to state at time of assessment. Other factors governing actual food intake include: sensorial environment (including exposure to food cues and palatable foods) social factors; entrained behavior related to food timing; consequences of energy expenditure and homeostasis. These factors are all underwritten by the physiological governance of EI which includes gut hormone release, stretch sensing, and micronutrient sensing in the gut. We suggest there is an unmet need to (1) undertake further systematic studies that weight the impact of these variables in the governance of EI and (2) identify biomarkers of behavior. Until modeling or biomarkers are validated and become widely available, we argue that the best estimate of EI remains the measurement of EI itself.
A second sequella of our analysis of critical relevance to policy and regulation is that health claims on the energy intake-modifying potential of formulations based on their impact on rated appetite should not be supported. Reformulation and product development of satiating foods and nutraceuticals is a key strategy in obesity control (Van Kleef et al., 2012) . This report demonstrates that appetitive sensation is not a robust endpoint, or even screening tool, for the development of functional foods.
Conclusions
Subjective appetite scores are ineffective in predicting energy intake in studies attempting to modify and/or assess appetite. Emotional and behavioral aspects of appetite are distinct and not proxies for each other, more work is needed to explore their independence and independent value. The development of novel methods to predict EI is needed.
